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(54) Apparatus for detecting the thickness of sheets 

(57) An apparatus for detecting the thickness of sheets e.g. currency notes by detecting displacement of one (3) of a pair of 
rollers (2, 3) disposed so as to face each other across a transporting path of the sheets, the pair of rollers being driven by a 
driving motor, has the reference roller (2) rotatable about a fixed shaft (4) and the movable roller (3) abuttable against the 
reference roller (2) and rotatably mounted on a movable shaft (7) displaceable with respect to the reference roller (2). Th 
apparatus further includes a timing signal generator for generating timing signals synchronized with rotation of the reference 
roller (2) and the movable roller (3), a displacement detector (10 - 15) for detecting the amount of displacement of the 
movable roller (3) by detecting the displacement of the movable shaft (7) in sychronism with the timing signals, a sheet 
detector (9) e.g. a photocell for detecting whether or not sheets are present at a zone where the reference roller (2) and the 
movable roller (3) face each other, a sheet thickness calculator for calculating the thickness of the sheet by deducting, in 
accordance with the timing signals, the amount of displacement of the movable roller (7) detected by the displacement 
detector when the sheet detector (9) does not detect any sheet at the said zone from the amount of displacement detected 
by the displacement detector when the sheet detector does detect a sheet at the zone. Accordingly it is possible to detect 
the thickness of sheets with high accuracy and this apparatus is particularly suitable for detecting double feed of notes and 
notes counterfeited by use of adhesive tape. F I G . I 
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SPECIFICATION 
TITLE OF THE INVENTION: 
APPARATUS FOR DETECTING THE THICKNESS OF SHEETS 
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The present invention relates to an apparatus for 
detecting the thickness of sheets, and more particularly to 
such an apparatus suitable for detecting double feed of 
bills and bills counterfeited by use of adhesive tape. 

The present invention relates generally to the subject 
10 matter of the following prior United States patent 

application: Ser. No. 826,261, filed on February 5, 1986, 
entitled "Apparatus for Detecting the Thickness of Bank Note 1 ' , 
now matured to United States Patent No. 4,729,556. 

In bill processing machines such as bill counting 
machines, detection of the thickness of bills has been 

15 conducted for detecting double feed of bills and for de- 
tecting bills counterfeited by use of adhesive tape by 
cutting a bill into slender strips and joining some of them 
by using adhesive tape. 

Unexamined Japanese Patent Publication No. 59 (1984)- 

20 60592 proposes an apparatus for detecting the thickness of 
bills suitable for detecting double feed of bills and coun- 
terfeit bills to which adhisive tape is adhered in a bill 
processing machine such as a bill counting machine. 

In this apparatus , a plurality of transporting belts 

25 are carried on a plurality of supporting rollers to form two 
pairs of belts, the belts forming each pair of belts being 
partially in contact with each other and sheets whose thick- 
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ness is to be detected are held b tween these two pairs of 
belts at the upper and lower edges thereof and transported. 
A reference roller is mounted on a supporting shaft rotata- 
bly supporting one of the supporting rollers so as not to be 
5 rota table about the supporting shaft, and, further, a lever 
is mounted on another shaft in such a manner that it is 
swingable about the shaft and is biased so as to be in 
contact with the surface of the reference roller. The detec- 
tion of the thickness of sheets is carried out by converting 
10 the swing of the lever about the shaft in the direction 
opposite to the reference roller generated when the sheets 
pass between the reference roller and the lever to an amount 
of change in the rotation angle of a shaft of a potentio- 
meter . 

15 However, in this apparatus, since the reference roller 

is mounted on the supporting shaft so as not to be rotata- 
ble, sheets often jam between the reference roller and the 
lever by frictional force between the reference roller and 
the sheets . 

20 Although it may be considered that such a .problem can 

be solved by making the reference roller rotatable, in the 
case where the reference roller is made rotatable, it is 
indispensable for detecting the thickness of the sheets with 
sufficiently high accuracy to manufacture the reference 

25 roller with high accuracy so that roundness thereof is 
sufficiently high and to mount the reference roller on the 
supporting shaft without any eccentricity. 
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However , manufacture of th reference roller with the ' 
high accuracy required for it to have sufficiently high 

i 

roundness inevitably results in increase cost, and it is 
almost impossible to mount .the reference roller on the 
5 supporting shaft without any eccentricity. Accordingly , in 
the case where such an apparatus is used for for detecting 
double feed of bills and/or bills counterfeited by use of 
adhesive tape, it is impossible to detect the thickness of 
bills, which is usually less than 100 micron, with high 
10 accuracy and to detect double feed of bills and/or bills 
counterfeited by use of adhesive tape without fail. 

It is, therefore, an aim of the present invention 
to provide a sheet thickness detecting apparatus capable of 

15 detecting the thickness of sheets with high accuracy. 

Another aim of the present invention is to provide 
a sheet thickness detecting apparatus for detecting the 
thickness of sheets by detecting displacement of one of a 
pair of rollers disposed so as to face each other across a 

20 transporting path of the sheets, said pair of rollers being 
driven by driving means, said sheet thickness detecting 
apparatus being capable of preventing the sheets from jam- 
ming and detecting the thickness of the sheets with high 
accuracy. 

25 A further aim of the present invention is to pro- * 

vide a sheet thickness det cting apparatus for detecting the 
thickn ss of sheets by detecting displacement of one of a 
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pair of rollers disposed so as to face each other across a 
transporting path of the sheets, said pair of rollers being 
driven by driving means, said sheet thickness detecting 
apparatus being capable of detecting the thickness of the 
sheets with high accuracy even in cases where the rollers 
are not manufactured nor mounted on the apparatus with high 
accuracy. 

According to the present invention, the above and 
other aims can be accomplished by an apparatus for de- 
tecting the thickness of sheets by detecting displacement of 
one of a pair of rollers disposed so as to face each other 
across a transporting path of the sheets, said pair of 
rollers being driven by driving means, said pair of the 
rollers essentially consisting of a reference roller rotata- 
ble about a fixed shaft and a movable roller abuttable 
against said reference roller and mounted on a movable shaft 
displaceable with respect to said reference roller, said 
apparatus comprising timing signal generating means for 
generating timing signals synchronized with the rotation of 
said reference roller and said movable roller, displacement 
detecting means for detecting an amount of displacement of 
said movable roller by detecting an amount of displacement 
of said movable shaft in sychronism with said timing sig- 
nals, sheet detecting means for detecting whether or not the 
25 sheets are present at a portion where said reference roller 
and said movable roller face each other, sheet thickness 
calculating means for calculating the thickness of the sheet 
by deducting, in accordance with the timing signals, the 
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amount of displacement of said movable roller detected by 
said displacement detecting means when said sheet detecting 
means does not detect any sheet at the portion where said 
reference roller and said movable roller face each other 
from the amount of displacement of said movable roller 
detected by said displacement detecting means when said 
sheet detecting means detect the sheet at the portion where 
said reference roller and said movable roller face each 
other . 

The above and other aims and features of the pre- 
sent invention will become apparent from the following de- 
scription made with reference to the accompanying drawings 
in which: 

Figure 1 is a schematic drawing showing a top plan 
view of a bill thickness detecting apparatus which is an 
embodiment of the present invention. 

Figure 2 is a block diagram showing a bill thickness 
detecting means used in a bill thickness detecting apparatus 
which is an embodiment of the present invention. 

Figure 3 is a graph showing data representing the . 
displacement of a movable roller detected by the bill thick- 
ness detecting means shown in Figure 2. 

Figure 1 shows an apparatus for detecting the thick- 
ness of bills which is an embodiment of the present inven- 
tion. 



Referring to Figure 1/ in the apparatus for detecting 
the thickness of bills, a reference roller 2 and a movable 
roller 3 having the same diameter as that of the reference 
roller 2 are disposed so as to face each other across a bill 
transporting path along which bills are transported by a 
plurality of transporting rollers (not shown) and a plurali- 
ty of belts (not shown) driven by a driving means (not 
shown) in such a manner that the surface of the bill is 
substantially vertical, the reference roller 2 being mounted 
on a fixed reference shaft 4 so as to be rotatable about the 
fixed reference shaft 4 by the driving means in synchronism 
with the transporting rate of the bills, the movable roller 
being mounted on a movable shaft 7 so as to be rotatable 
about the movable shaft 7 by the driving means in sychronism 
with the transporting rate of the bills, said movable shaft 
7 being connected to one end of a connecting arm 6 which is 
swingably mounted on a fixed shaft 5 at the other end. The 
connecting arm 6 is biased by a compression spring 8 toward 
the reference roller 2, that is, in the direction opposite 
to that indicated by an arrow Yl, whereby the movable roller 
3 abuts against the surface of the reference roller 2 in the 
case where no bill exists between the reference roller 2 and 
the movable roller 3, while in the case where a bill is fed 
along the bill transporting path 1 to the portion where the 
reference roller 2 and the movable roller 3 face each other, 
the movable roll r 3 is push d away by the bill with the 
result that the connecting arm 6 and the movable roller 3 
are swung about the fixed shaft 5 in the direction indicated 



by the arrow Yl. 

A photosensor 9 is provided at the portion where the 
reference roller 2 and the movable roller 3 face each other 
for detecting whether or not a bill is present there. 

There is disposed at the opposite side to the refer- 
ence roller 2 with respect to the movable roller 3 an auxil- 
iary roller 11 having a small diameter and rotatable about a 
shaft 10 to which a detecting arm 12 is secured at one end 
thereof, the other end of the detecting arm 12 being mounted 
on a rotatable shaft 14 of an angle sensor 13. A compression 
spring 15 is secured to the detecting arm 12 so as to bias 
the detecting arm 12 toward the movable roller 3, that is, 
in the opposite direction to that indicated by an arrow Y2, 
whereby the auxiliary roller 11 always abuts against the 
surface of the movable roller 3, 

Accordingly/ when a bill is fed to the portion where 
the reference roller 2 and the movable roller 3 face each 
other, the connecting arm 6 and the movable roller 3 are 
swung about the fixed shaft 5 in the direction indicated by 
the arrow Yl, and, as a result, the auxiliary roller 11 and 
the detecting arm 12 are swung in the direction indicated by 
the arrow Y2 in synchronism with the swing of the movable 
roller 3 and the connecting arm 6, whereby the rotatable 
shaft 14 of the angle sensor 13 is rotated. So, the amount 
of displacement of the movable roller 3, that is, the mova- 
ble shaft 7 can b detected by detecting the rotation angle 
of the rotatable shaft 14 of the angle sensor 13 and, th re- 
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fore, the thickness of the bill can be detected. 

Figure 2 shows a block diagram of a bill thickness 
detecting means 20 used in the apparatus for detecting the 
thickness of bills which is an embodiment of the present 

5 invention. 

Referring to Figure 2, bill detection signals which 
are output from the photosensor 9 when the photosensor 9 
detects at least one bill at the portion where the reference 
roller 2 and the movable roller 3 face each other are ampli- 

10 fied by an amplifier 21 and input to a CPU 23 via a bus 22. 
There is provided a reference pulse generating photosensor 
24 for generating reference pulses, as timing signals, syn- 
chronized with the bill transporting rate, that is, the 
rotation of the reference roller 2 and the movable roller 3, 

15 by detecting gear teeth of the driving means for driving the 
transporting rollers for transporting bills, the reference 
roller 2 and the movable roller 3, and the reference pulses 
output from the reference pulse generating photosensor 24 
are amplified by an amplifier 25 and input to the CPU 23 via 

20 the bus 22. Rotation angle signals output from the angle 
sensor 13 are amplified by an amplifier 26 and converted to 
digital signals by an A/D converter 27 to be fed to the bus 
22. The digital signals fed to the bus 22 are read by the 
CPU 23 as displacement data representing the displacement of 

25 the movable roller 3 in synchronism with the reference 
pulses output from the reference pulse generating photosen- 
sor 24. 

In the case where no bill detection signals are output 
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by the photosensor 9 and the CPU 23 judges that no bill is 
present at the portion wher the reference roller 2 and the 
movable roller 3 face each other, the CPU 23 outputs the 
displacement data read from the angle sensor 13 to a correc- 
tion data memory 28A of a RAM 28 as correction data f wherein 
the correction data are stored. These correction data repre- 
sent the amount of displacement of the movable roller 3 
generated by the rotation of the reference roller 2 and the 
movable roller 3 which are in contact with each other when 
no bill is present at the portion . where the reference roller 
2 and the movable roller 3 face each other and correspond to 
the amount of displacement of the movable roller 3 caused by 
at least one of the reference roller 2 and the movable 
roller 3 being not manufactured so as to have sufficient 
roundness and/or at least one of the reference roller 2 and 
the movable roller 3 being mounted on the shaft 4 and/or 7 
with some eccentricity. 

On the other hand, in the case where the bill de- 
tection signals are output from the photosensor 9 and the 
CPU 23 judges that a bill is present at the portion where 
the reference roller 2 and the movable roller 3 face each 
other, the CPU 23 deducts the correction data stored in the 
correction data memory 28A of the RAM 28 from the displace- 
ment data read from the angle sensor 13 and outputs the thus 
obtained data to a bill thickness data memory 28B as bill 
thickness data, wherein they are stored. The displacement 
data read by the CPU 23 when the bill is present at the 
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portion where th reference roller 2 and the movable roller 
face each other repres nt the amount of displacement of the 
movable roller 3 caused by the movable roller 3 being pushed 
away by the bill passing between the reference roller 2 and 
the movable roller 3 and that caused by at least one of the 
reference roller 2 and the movable roller 3 being not manu- 
factured so as to have sufficient roundness and/or at least 
one of the reference roller 2 and the movable roller 3 being 
mounted on the shaft 4 and/or 7 with some eccentricity. 
Therefore, the bill thickness data obtained by deducting the 
correction data stored in the correction data memory 28A of 
the RAM 28 from the displacement data read from the angle 
sensor 13 and stored in a bill thickness data memory 28B are 
free from errors caused by the manufacturing errors and/or 
15 mounting errors of the .reference roller 2 and the movable 
roller 3. 

In Figure 2, the reference numeral 29 designates a ROM 
storing a control program and various reference values, and 
the reference numeral 30 designates a display for informing 

20 an operator when the bill thickness detecting means 20 
detects double feed of bills and/or bills counterfeited by 
use of adhesive tape. 

Figure 3 is a graph showing an example of the dis- 
placement data of the movable roller 3 read by the CPU 23. 

25 m Figure 3, the curve LI shows the displacement data 

of the movable roller 3 read by the CPU 23 when no bill is 
present at the portion where the reference roller 2 and the 
movable roller 3 face each other, and the curve L2 shows the 
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displacement: data of the movable roller 3 read by the CPU 23 
when at least one bill exists at the portion where the 
reference roller 2 and the movable roller 3 face each other. 
In this example, the reference pulse generating photosensor 
24 is set to output sixteen reference pulses per rotation of 
the reference roller 2 and the movable roller 3. 

As shown by way of example in Figure 3/ during the 
period between the reference pulse Nos. 0 to 9 in a rotation 
cycle T(N) of the reference roller 2 and the movable roller 
3, the photosensor 9 does not detect any bill at the portion 
where the reference roller 2 and the movable roller 3 face 
each other and does not output bill detection signals. So, 
since no bill is present at the portion, the CPU 23 reads 
only the displacement data LI of the movable roller 3 caused 
by the manufacturing errors and/or the mounting errors of at 
least one of the reference roller 2 and the movable roller 
3. The CPU 23 outputs the thus read displacement data LI as 
the correction data to the correction data memory 28A of the 
RAM 28 where the correction data are stored. 

When the reference pulse No. 10 is output by the 
reference pulse generating photosensor 24 in the rotation 
cycle T(N) of the reference roller 2 and the movable roller 
3, the photosensor 9 detects a bill at the portion where the 
reference roller 2 and the movable roller 3 face each other 
and starts to output the bill detection signals. The CPU 23 
thus receives the displacement data L2 of the movable roller 
3, which are equal to the sum of the amount of displacement 
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of the movable roller 3 caused by the manufacturing errors 
and/or the mounting errors of at least one of the reference 
roller 2 and the movable roller 3 and that corresponding to 
the thickness of the bill. Then the CPU 23 reads out the 
correction data which were read and stored in the correction 
data memory 28A when the reference pulse No. 10 was output 
by the reference pulse generating photosensor 24 in the 
previous rotation cycle T(N-l) of the reference roller 2 and 
the movable roller 3, deducts the thus read-out correction 
data from the displacement data L2 read when the reference 
pulse No. 10 in the present cycle T(N) was output, and 
outputs the thus obtained data (L2 - LI) as bill thickness 
data to the bill thickness data memory 28B of the RAM 28 
where the bill thickness data are stored. 

As shown in Figure 3, since during a period up to the 
time the reference pulse No. 7 is output in the next rota- 
tion cycle T(N+1) of the reference roller 2 and the movable 
roller 3, at least one bill is present at the portion where 
the reference roller 2 and the movable roller 3 face each 
other and the photosensor 9 outputs the bill detection 
signal to the CPU 23, the CPU 23 reads the displacement data 
L2 of the movable roller 3, this displacement data L2 being 
equal to the sum of the amount of displacement of the mova- 
ble roller 3 caused by the manufacturing errors and/or the 
mounting errors of at least one of the reference roller 2 
and the movable roller 3 and that corresponding to the 
thickness of the bill. Therefore, at each time the CPU 23 
r ads the displacem nt data of the movable roller 3, the CPU 
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23 reads out the correction data which were read and stored 
in the correction data memory 28A when the reference pulse 
having the same number was output by the reference pulse 
generating photosensor 24 in the previous rotation cycle 
T(N-l) or T(N) of the reference roller 2 and the movable 
roller 3/ deducts the thus read-out correction data from the 
displacement data L2, and outputs the thus obtained data (L2 
- LI) as bill thickness data to the bill thickness data 
memory 2 8B of the RAM 28 where the bill thickness data are 
stored. The curve L3 shows the bill thickness data calcu- 
lated and stored in the bill thickness data memory 28B of 
the RAM 28 in the above described manner. 

When the reference pulse No. 8 is output from the 
reference pulse generating photosensor 24 in the rotation 
cycle T(N+1) of the reference roller 2 and the movable 
roller 3, the photosensor 9 stops outputting the bill de- 
tection signals and the bill thickness detection for one 
bill is completed. The CPU 23 then reads out the bill thick- 
ness data stored in the bill thickness data memory 28B of 
the RAM 28 during the period from the time when the refer- 
ence pulse No. 10 was output in the rotation cycle T(N) to 
the time when the reference pulse No. 7 was output in the 
rotation cycle T(N+1) and reads out reference bill thickness 
data and the reference number of reference pulses corre- 
sponding to the length of the bill which have been stored in 
the ROM 29 in advance. Then, the CPU 23 compares the bill 
thickness data and the d tected number of reference pulses 
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output during the period that the photosensor 9 output the 
bill detection signals with the reference bill thickness 
data and the reference number of the reference pulses, re- 
spectively. As a result, in the case where the magnitude of 
the bill thickness data is about twice that of the reference 
bill thickness data, even though the detected number of 
reference pulses substantially agrees with the reference 
number of reference pulses, or where the detected number of 
reference pulses is larger than the reference number of 
reference pulses and the magnitude of the bill thickness 
data is about twice that of the reference bill thickness 
data during any part of the period during which the photo- 
sensor 9 output the bill detection signals, the CPU 23 
judges that double feed of bills has occurred and outputs a 
double feed detection signal to the display 30 to cause it 
to display that double feed of bills has occurred. On the 
other hand, in the case where the detected number of refer- 
ence pulses substantially agrees with the reference number, 
of reference pulses but the magnitude of the bill thickness 
data partially exceeds the reference bill thickness data, 
the CPU 23 judges that a bill counterfeited by use of adhe- 
sive tape has been fed and outputs a counterfeited bill 
detection signal to the display 29 to cause it to display 
that a counterfeited bill has been fed. 

The correction data memory 28B of the RAM 28 is con- 
stituted by a ring counter which can store data obtained by 
one rotation of the reference roller 2 and the movable 
roller 3 and the stored data can be renewed in synchronism 
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with every rotation of the r ference roller 2 and the mova- 
ble roller 3. Accordingly, even if the positional relation- 
ship between the fixed reference shaft 4 and the reference 
roller 2 mounted thereon and/or the movable shaft 7 and the 
movable roller 3 mounted thereon is changed in accordance 
with the elapse of time, detection errors due to such change 
in the positional relationship can be minimized. 

According to the above described embodiment of the 
present invention, since the amount of displacement of the 
movable roller 3 detected when no bill is present at the 
portion where the reference roller 2 and the movable roller 
3 face each other are stored as the correction data and the 
bill thickness is obtained by deducting the correction data 
from the amount of displacement of the movable roller 3 
detected when a bill is present at the portion where the 
reference roller 2 and the movable roller 3, even if at 
least one of the reference roller 2 and the movable roller 3 
is not manufactured with high accuracy and/or at least one 
of the reference roller 2 and the movable roller 3 is 
mounted on the reference shaft 4 or the movable shaft 7 with 
some eccentricity, the errors caused by these manufacturing 
and/or mounting errors of the reference roller 2 and the 
movable roller 3 can be eliminated and the thickness of the 
bill can be detected with high accuracy, whereby it is 
possible to detect doubl feed of bills and bills counter- 
feited by use of adhesive tap , without fail. 

Further, since the reference roller 2 and the movable 
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roller 3 are made rotatable and are rotated by the driving 
means in synchronism with the bill transporting rate, jam- 
ming of bills can be effectively prevented. 

Still further, since the correction data stored in the 
correction data memory 28A are renewed in accordance with 
the elapse of time, even if the positional relationship 
between the reference roller 2 and the reference shaft 4 
and/or the movable roller 3 and the movable shaft 7 is 
changed in accordance with the elapse of time, it is possi- 
ble to detect the thickness of bills with high accuracy, 
whereby double feed of bills and/or bills counterfeited by 
use of adhesive tape can be detected without fail. 

As described above with respect to the preferred em- 
bodiment, according to the present invention, it is possible 
to provide a sheet thickness detecting apparatus capable of 
detecting the thickness of sheets with high accuracy while 
the sheets are prevented from jamming. 

The present invention has thus been shown and de- 
scribed with reference to a specific embodiment. However, it 
should be noted that the present invention is in no way 
limited to the details of the described arrangements but 
changes and modifications may be made without departing from 
the scope of the appended claims. 

For example, in the above described embodiment, al- 
though the detecting arm 12 one end of which is secured to 
the shaft 10 of the auxiliary roller 11 abutting against the 
movable roller 3 is mounted on the rotatable shaft 14 of the 
angle sensor 13 at th other end thereof and the amount of 
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displacement of the movable roller 3 is detected by de- 
tecting the amount of change in th rotation of the rotata- 
ble shaft 14 of the angle sensor 13 caused by the swing of 
the detecting arm 12 , the amount of displacement of the 
movable roller 3 may be detected by directly mounting the 
connecting arm 6 one end of which supports the movable 
roller 3 rotatably on the rotatable shaft 14 of the angle 
sensor 13 and detecting an amount of change in the rotation 
of the rotatable shaft 14 of the angle sensor 13 caused by 
the swing of the connecting arm 6. 

Further , in the above described embodiment , although 
the bills are transported in such a manner that the surface 
thereof is substantially vertical and the connecting arm 6 
and the detecting arm 12 are biased toward the reference 
roller 2 and the movable roller 3 by the compression springs 
8 and 15 respectively, it is possible for the movable roller 
3 and the auxiliary roller 11 to be made abuttable against 
the reference roller 2 and the movable roller 3 by the ' force 
of gravity by transporting the bills in such a manner that 
the surface thereof is substantially horizontal and dis- 
posing the reference roller 2 below the bill transporting 
path 1 and the movable roller 3 above the bill transporting 
path 1. In this case, it is of course possible to further 
provide biasing means such as springs to bias the connecting 
arm 6 and the detecting arm 12 against the reference roller 
2 and the movable roller 3, respectively. 

Still further, in the above described mbodiment, 
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although the transporting rollers, the belts, the reference 
roller 2 and the movable roller 3 are driven by the common 
driving means, one or more of them may be driven by a dif- 
ferent driving means and each of them may be driven by 
different driving means. 

Moreover, in the above described embodiment, although 
double feed of bills and bills counterfeited by use of 
adhesive tape are detected by comparing the bill thickness 
data and the detected number of reference pulses with the 
reference bill thickness data and the reference number of 
reference pulses, respectively, it is possible to compare 
only the bill thickness data and the reference bill thick- 
ness data, whereby if the magnitude of the bill thickness 
data is about twice that of the reference bill thickness 
data, it is judged that double feed of bills has occurred 
and if bill thickness data the magnitude of which is larger 
than that of the reference bill thickness data are detected 
over more than the predetermined number of reference pulses, 
it is judged that bills counterfeited by use of adhesive 
tape has been fed. 

Further, in the above described embodiment, the diame- 
ter of the reference roller 2 and the movable roller 3 is 
determined to be same and their rotation cycles accord with 
each other, whereby the detection of the amount of displace- 
ment of the movable roller 3 is conducted in the the same 
cycle as the rotation cycle of the reference roller 2 and 
the movable roller 3. However, it is not necessarily re- 
quired that the reference roller 2 and the movable roller 3 
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be of the same diameter and rotation cycle. More specifical- 
ly, even if the diameter and rotation cycle of one of the 
rollers are smaller than those of the other and the ratio in 
their diameter and their rotation cycles is 1/L wherein L is 
5 larger than 1 # since the positional relationship between the 
reference roller 2 and the movable roller 3 necessarily 
becomes identical each time the one of the rollers having 
the smaller diameter and rotation cycle rotates by a number 
of times corresponding to the least common multiple of L and 

10 1/ if it is assumed that the positional relationship between 
the reference roller 2 and the reference shaft 4, and the 
movable roller 3 and the movable shaft 7 is not changed, the 
amount of displacement of the movable roller 3 can be de- 
tected with the same errors caused by the manufacturing 

15 errors and/or the mounting errors of at least one of the 
reference roller 2 and the movable roller 3 in a cycle 
corresponding to the period required for that one of the 
rollers having the smaller diameter and rotation cycle to 
rotate by the number of times equal to the least common 

20 multiple of L and 1. Therefore, if the detection of the 
amount of displacement of the movable roller 3 is carried 
out in accordance with a cycle corresponding to the period 
required for that one -of the rollers having the smaller 
diameter and rotation cycle to rotate by the number of times 

25 equal to the least common multiple of L and 1, it is possi- 
ble to detect th thickn ss of bills with high accuracy by 
deducting the correction data r ad and scored in the correc- 
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tion data memory 28A when the photosensor 9 did not output 
the bill detection signals and the reference pulse having 
the same number was output from the reference pulse gener- 
ating photosensor 24 in the last cycle from the displacement 
5 data of the movable roller 3 detected when the photosensor 9 
output the bill detection signals. However, in the case 
where the least common multiple of L and 1 is too large, 
since the cycle for detecting the amount of displacement of 
the movable roller 3 becomes larger and the amount of the 

10 correction data to be stored in the correction data memory 
28A inevitably increases, it is necessary to employ a memory 
means having large capacity as the correction data memory 
28A, which is not preferable. Accordingly, the smaller the 
least common multiple of L and 1 is, the more preferable it 

15 is, and it is usually preferable that the least common 
multiple be not more than 10 and it is most preferable that 
it is equal to 1, in other words, that the diameter of the 
reference roller 2 and the movable roller 3 be the same. 
Moreover, in the above described embodiment, although 

20 a ring counter is used for the correction data memory 28A, 
any memory means can be used insofar as it can store the 
data detected during the rotation cycle of the one of the 
reference roller 2 and the movable roller 3 with the longer 
rotation cycle and renew them in accordance with the elapse 

25 of time. 

Still further, in the above described embodiment, al- 
though an apparatus for detecting the thickness of bills is 
described, it is apparent that the present invention can be 
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applied to an apparatus for detecting the thickness of 
various kinds of sheets other than bills. 

Further, it should be noted that each means defined in 
the appended claims does not necessarily mean physical means 
and that cases where the function of each means can be 
accomplished by software fall within the scope of the pre- 
sent invention. For example, the function of one means 
defined in the appended claims may be accomplished by two or 
more physical means and two or more means defined in the 
appended claims may be accomplished by one physical means in 
the present invention. 



22 



Claims; 

1. An apparatus for detecting the thickness of sheets by- 
detecting displacement of one of a pair of rollers disposed 
so as to face each other across a transporting path of the 
sheets, said pair of rollers being driven by driving means, 
said pair of the rollers essentially consisting of a refer- 
ence roller rotatable about a fixed shaft and a movable 
roller abuttable against said reference roller and rotatably 
mounted on a movable shaft displaceable with respect to said 
reference roller, said apparatus comprising timing signal 
generating means for generating timing signals synchronized 
with rotation of said reference roller and said movable 
roller, displacement detecting means for detecting an amount 
of displacement of said movable roller by detecting an 
amount of displacement of said movable shaft in sychronism 
with said timing signals, sheet detecting means for de- 
tecting whether or not the sheets are present at a portion 
where said reference roller and said movable roller face 
each other, sheet thickness calculating means for calcu- 
lating the thickness of the sheet by deducting, in accord- 
ance with the timing signals, the amount of displacement of 
said movable roller detected by said displacement detecting 
means when said sheet detecting means do not detect any 
sheet at the portion where said reference roller and said 
movable roller fac each other from the amount of displace- 
ment of said movable roller detected by said displacement 
detecting means when said sheet detecting means detect the 
sheet at the portion where said reference roller and said 
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movable roller fac each other, 

2. An apparatus for detecting the thickness of sheets in 
accordance with Claim 1 wherein a ratio of the diameter of 
the reference roller and the movable roller is H or a ratio 
of the diameter of the movable roller and the reference 
roller is M, wherein M is not less than 1, and the least 
common multiple is not more than 10. 

3. An apparatus for detecting the thickness of sheets in 
accordance with Claim 2 wherein the diameters of the refer- 
ence roller and the movable roller are the same. 

4. An apparatus for detecting the thickness of sheets in 
accordance with any preceding claim which further includes, a.swingable 

member swingable about a rotatable shaft in accordance with 
the displacement of said movable shaft of said movable 
roller with respect to said reference roller and wherein the 
amount of displacement of the movable roller is detected by 
detecting the rotation of said rotatable shaft by said 
displacement detecting means . 

5. An apparatus for detecting the thickness of sheets in 
accordance with any preceding claim wherein there are provided correc- 
tion data memory means for storing the amount of displace- 
ment of the movable roller detected when said sheet de- 
tecting means do not detect any sheet at the portion where 
the reference roller and the movable roller face each other 
as correction data, deducting means for deducting said cor- 
rection data stored in said correction data memory means 
when a corresponding timing signal was output in the last 
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cycle, a cycle being defined as the rotation cycle of the 
one of the reference roller and the movable roller which has 
a diameter not less than that of the other, from the amount 
of displacement of the movable roller detected when said 
sheet detecting means detect at least one sheet at the 
portion where the reference roller and the movable roller 
face each other to obtain the sheet thickness data, sheet 
thickness data memory means for storing said sheet thickness 
data, and sheet thickness calculating means for calculating 
the thickness of the sheet based upon said sheet thickness 
data stored in the sheet thickness data memory means. 

6. An apparatus for detecting the thickness of sheets in 
accordance with Claim 5 which further includes reference 
thickness memory means for storing the reference thickness 
of the sheet, comparing means for comparing said thickness 
of the sheet calculated by- said sheet thickness calculating 
means with said reference thickness of the sheet stored in 
said reference thickness memory means, and display means for. 
displaying the results obtained by said comparing means. 

7. An apparatus for detecting the thickness of sheets in 
accordance with Claim 2 which further includes a swingable 
member swingable about a rotatable shaft in accordance with 
the displacement of said movable shaft of said movable 
roller with respect to said reference roller and wherein the 
amount of displacement of the movable roller is detected by 
detecting the rotation of said rotatable shaft by said 
displacement detecting means. 

8. An apparatus for detecting the thickness of sheets in 
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accordance with Claim 2 wherein there are provided correc- 
tion data memory means for storing the amount of displace- 
ment of the movable roller detected when said sheet de- 
tecting means do not detect any sheet at the portion where 
the reference roller and the movable roller face each other 
as correction data, deducting means for deducting said cor- 
rection data stored in said correction data memory means 
when a corresponding timing signal was output in the last 
cycle, a cycle being defined as the rotation cycle of the 
one of the reference roller and the movable roller which has 
a diameter not less than that of the other, from the amount 
of displacement of the movable roller detected when said 
sheet detecting means detect at least one sheet at the 
portion where the reference roller and the movable roller 
face each other to obtain the sheet thickness data, sheet 
thickness data memory means for storing said sheet thickness 
data, and sheet thickness calculating means for calculating 
the thickness of the sheet based upon said sheet thickness 
data stored in the sheet thickness data memory means . 
9. An apparatus for detecting the thickness of sheets in 
accordance with Claim 8 which further includes reference 
thickness memory means for storing the reference thickness 
of the sheet, comparing means for comparing said thickness 
of the sheet calculated by said sheet thickness calculating 
means with said reference thickness of the sheet stored in 
said reference thickness memory means, and display means for 
displaying the results obtained by said comparing means. 
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10. An apparatus for detecting the thickness of sheets in 
accordance with Claim 3 which further includes a swingable 
member swingable about a rotatable shaft in accordance with 
the displacement of said movable shaft of said movable 
roller with respect to said reference roller and wherein the 

< 

amount of displacement of the movable roller is detected by 
detecting the rotation of said rotatable shaft by said 
displacement detecting means. 

11. An apparatus for detecting the thickness of sheets in 
accordance with Claim 3 wherein there are provided correc- 
tion data memory means for storing the amount of displace- 
ment of the movable roller detected when said sheet de- 
tecting means do not detect any sheet at the portion where 
the reference roller and the movable roller face each other 
as correction data, deducting means for deducting said cor- 
rection data stored in said correction data memory means 
when a corresponding timing signal was output in the last 
cycle, a cycle being defined as the rotation cycle of the 
one of the reference roller and the movable roller which has 
a diameter not less than that of the other, from the amount 
of displacement of the movable roller detected when said 
sheet detecting means detect at least one sheet at the 
portion where the reference roller and the movable roller 
face each other to obtain the sheet thickness data, sheet 
thickness data memory means for storing said sheet thickness 
data, and sheet thickness calculating means for calculating 
the thickness of the sheet based upon said sheet thickness 
data stor d in the sheet thickness data memory means. 
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12. An apparatus for detecting the thickness of sheets in 
accordance with Claim 11 which further includ s r ference 
thickness memory means for storing the reference thickness 
of the sheet , comparing means for comparing said thickness 
of the sheet calculated by said sheet thickness calculating 
means with said reference thickness of the sheet stored in 
said reference thickness memory means, and display means for 
displaying the results obtained by said comparing means. 

13. An apparatus for detecting the thickness of sheets 
generally as herein described, with reference to and as 
illustrated in the accompanying drawings. 
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